Introduction
============

Neuroendocrine tumors (NETs) are a diverse group of tumors originating from neuroendocrine cells. Given the wide distribution of the neuroendocrine cells throughout the body, NETs can develop in a variety of organs.

Pulmonary neuroendocrine tumors (PNETs) comprise various heterogeneous tumors, ranging from low-grade, well-differentiated typical carcinoid tumors to intermediate-grade atypical carcinoid tumors and poorly differentiated, highly malignant large-cell neuroendocrine carcinoma (LCNEC) and small cell lung cancer (SCLC).[@b1-ott-9-6075]

The prognosis and the therapy for patients with these tumors depend on the specific subtypes of PNETs. Surgical excision is the optimal choice in the case of chemoresistant carcinoids. On the other hand, patients with highly malignant PNETs usually receive chemotherapy because of tumor metastasis and those patients usually have a poor prognosis due to tumor relapse.[@b2-ott-9-6075]--[@b5-ott-9-6075] Over the past three decades, while the incidence of PNETs has increased, the associated clinical treatment has remained mostly unchanged. Therefore, there is an urgent need to establish and develop novel approaches against PNETs to improve patient prognosis.[@b6-ott-9-6075]

Cancer-targeted immunotherapies have evolved as a promising strategy for tackling solid tumors. Programmed death-1 (PD-1) and its ligand, programmed death ligand-1 (PD-L1), act as immune checkpoints that downregulate the activation of T cells in the tumor microenvironment.[@b7-ott-9-6075] Therefore, blocking the PD-1-/PD-L1-mediated coinhibition of T cells will improve the endogenous immune response against tumors.

Monoclonal antibodies targeting PD-L1 or PD-1, called checkpoint inhibitors, are currently being studied in clinical trials, and remarkable response rates have been reported against lung adenocarcinoma, non-Hodgkin lymphoma, malignant melanoma, triple-negative breast cancer, and renal cell carcinoma.[@b8-ott-9-6075]--[@b12-ott-9-6075] Further, the expression of PD-L1 by tumors is being investigated as a potential biomarker for the efficacy of PD-1/PD-L1 blockade by checkpoint inhibitors. In a recent study performed on 68 patients, preliminary data implied that PD-L1 expression by tumor cells may be related to a higher response rate.[@b13-ott-9-6075]

PD-1 is expressed on B cells, T cells, and myeloid cells. It is a costimulatory molecule that generates an inhibition signal in T-cell activation.[@b14-ott-9-6075],[@b15-ott-9-6075] PD-1 is overexpressed in a large proportion of tumor-infiltrating lymphocytes (TILs) in different types of tumors.[@b16-ott-9-6075]--[@b19-ott-9-6075] PD-L1 (PD-1 ligand, also known as B7-H1) is expressed on the surface of malignant cells in different types of tumors and tumor-associated antigen-presenting cells.[@b20-ott-9-6075]--[@b24-ott-9-6075]

Several studies have shown that during tumor progression, PD-1/PD-L1 interaction leads to T-cell apoptosis and cytokine secretion, which plays a crucial role in tumor-mediated immunosuppression and tumor evasion.[@b24-ott-9-6075],[@b25-ott-9-6075] The overexpression of PD-L1 has been observed in tumor cells of the lungs, kidneys, esophagus, gastrointestinal tract, pancreas, ovary, colorectal, head and neck, breast, and skin (melanoma); several studies have illustrated the clinicopathological features of tumors.[@b26-ott-9-6075]--[@b32-ott-9-6075]

To the best of our knowledge, the expression of PD-1 and PD-L1 by PNETs has not yet been the focus of major research. Therefore, in this study, the correlations between PD-L1 and PD-1 expression and the clinicopathological features of PNETs in 80 patients to determine the impact of PD-1 and PD-L1 expression on patient survival were investigated. With this knowledge, the future feasibility of PNETs immunotherapy can be determined.

Materials and methods
=====================

Patients and samples
--------------------

A total of 80 patients -- 61 males and 19 females aged between 29 years and 76 years at The First Affiliated Hospital of Xi'an Jiaotong University -- were enrolled in this study between January 2005 and December 2014. All the patients were histologically confirmed to have PNETs and their clinical characteristics (including age, gender, histological type, tumor node metastasis (TNM) stage, histological grade, and so on) were collected. The patients' characteristics are summarized in [Table 1](#t1-ott-9-6075){ref-type="table"}. A TNM stage was given to each patient with PNETs according to the American Joint Committee on Cancer (2010) staging criteria.[@b33-ott-9-6075] Tumor histology for each patient was reviewed according to the current World Health Organization classification and China Consensus Guidelines.[@b34-ott-9-6075]

In this study, patients with various types of PNETs such as carcinoids, SCLCs, and LCNECs were included. Most carcinoids received surgery and some high-grade NETs (SCLCs and LCNECs) were treated with chemo/radiation therapy. Patients who underwent surgery did not have adjuvant chemo/radiation therapy in principle. The other patients were treated with supportive therapy.

Overall survival was defined as the period from the day of diagnosis to the end of follow-up. Patients were examined until the end of the follow-up period (March 2016) or until death. Patients whose information was incomplete were excluded from the study. This study was approved by the Ethics Committees of The First Affiliated Hospital of Xi'an Jiaotong University, and all patients signed an informed consent form.

Immunohistochemical staining and scoring
----------------------------------------

PNETs tissues were fixed in 10% neutral buffered formalin, dehydrated in ethanol series, cleared in xylene, and then embedded in paraffin. Each paraffin block was serially cut to 4 µm thick sections on a microtome. Additionally, corresponding para-carcinoma lung tissues were selected as a control group from 20 cases who underwent surgical excision of PNETs.

To detect PD-L1 and PD-1 expression, immunostaining was performed with an immunohistochemical kit (SP-9001; Beijing Zhongshan Golden Bridge Biotechnology Co, Ltd, Beijing, China) according to the manufacturer's instructions. Briefly, the sections were dried for 30 minutes at 60°C before deparaffinization in xylene and rehydration in ethanol series. Next, antigen retrieval was performed using 10 mM citrate buffer (pH 6.0) at 95°C for 5 minutes followed by incubation with 3% hydrogen peroxide in methanol for 10 minutes to quench endogenous peroxidase activity.

The sections were treated with reagent A (5% bovine serum albumin) for 30 minutes at room temperature to reduce nonspecific binding. Subsequently, the sections were incubated with rabbit monoclonal anti-PD-L1 antibody (ab205921; Abcam) at 1:50 dilution, or rabbit monoclonal anti-PD-1 antibody (ab137132; Abcam, Cambridge, UK) at 1:50 dilution, in a moist chamber at 4°C overnight. Later, the sections were incubated with reagent B and C (horseradish peroxidase-labeled rabbit anti-rabbit monoclonal antibodies), respectively, for 15 minutes at 37°C. They were then visualized by diaminobenzidine tetrahydrochloride (ZLI-9018; Beijing Zhongshan Golden Bridge Biotechnology Co, Ltd), counterstained with hematoxylin, dehydrated, cleared, and mounted. For the negative control, phosphate buffered saline was used instead of the primary antibody, and the sections were incubated at 4°C overnight.

For each section, the approximate percentage of positive tumor cells and staining intensity determined the PD-L1 staining score. Three independent pathologists observed five different high-power fields at the hot-spot areas of each slide in a blinded manner (400× magnification). The proportion of stained cells in each field were assessed as follows: 0 for \<5% stained cells; 1 for 5%--25% stained cells; 2 for 26%--50% stained cells; and 3 for \>50% stained cells. Intensity of overall staining was graded as follows: 0 for negative staining; 1 for light staining; 2 for moderate staining; and 3 for intense staining. The staining intensity distribution (SID) for one field was obtained by multiplying the score of the proportion of stained cells by the score of the staining intensity. Then, the mean of the five fields in each section was the final SID score for that sample. SID was finally judged as 0--2 for negative and ≥3 for positive.[@b35-ott-9-6075] As for PD-1 in TILs, sections were scored at 5% intervals, and specimens with ≥5% staining were considered positive.[@b11-ott-9-6075]

Statistical analysis
--------------------

SPSS software (Statistical Package for the Social Sciences, version 18.0, SPPS, Inc, Chicago, IL, USA) was used to carry out the statistical analysis. Depending on the data type, chi-squared (*χ*^2^) test or Student's *t*-test was used to analyze the differences between groups. Survival analysis was performed by Kaplan--Meier plot and log-rank tests. Multivariate analyses according to the Cox proportional hazards regression model were performed. All statistical tests were two-sided, and *P*\<0.05 was considered statistically significant.

Results
=======

Immunohistochemical analysis of the expression PD-L1 or PD--1 and the association with clinicopathological characteristics
--------------------------------------------------------------------------------------------------------------------------

In tissues of PNETs, PD--L1 immunostaining was observed in the cytoplasm and on the plasma membrane of cancer cells, and PD-1 immunostaining was observed in the cytoplasm and on the plasma membrane of TILs. In corresponding paracarcinoma lung tissues, PD--L1 and PD-1 immunostaining was observed in the cytoplasm and on the plasma membrane in normal lung tissue cells, like non-neoplastic alveolar pneumocytes, bronchial epithelial cells, pulmonary macrophages, and so on, which was hypochromic obviously. Representative images are shown in [Figure 1A--H](#f1-ott-9-6075){ref-type="fig"}.

Positive PD-1 expression in TILs was observed in the PNET tissue specimens of 41 cases (51.3%) and in the paracarcinoma tissues of four cases (20%). The difference between the two groups was found to be significant (*P*=0.012). The incidence rate of PD-L1 in tissue specimens of PNETs was 58.8% (47/80), while the incidence rate in paracarcinoma tissues was 25% (5/20). The difference was statistically significant (*P*=0.007).

The mean SID score of PD-L1 staining was 3.4750±2.6143 (mean ± standard deviation) in PNET tissues and 1.6500±2.2775 (mean ± standard deviation) in paracarcinoma tissues (*P*=0.005). Additionally, PD-L1 expression was observed to correlate with the PD-1 expression (*P*=0.007); see [Table 2](#t2-ott-9-6075){ref-type="table"}.

Data showing the association between PD-L1 or PD-1 expression and various clinicopathological characteristics of patients with PNETs is shown in [Table 3](#t3-ott-9-6075){ref-type="table"}. Results indicated that the PD-L1 expression was significantly related to the tumor stage (*P*=0.014) and histological type (*P*=0.014).

Survival analysis for patients with PNETs using the Kaplan--Meier method and Cox proportional hazards regression model
----------------------------------------------------------------------------------------------------------------------

Univariate analyses showed that overall survival of patients with PNETs was significantly associated with four prognostic factors: PD-L1, PD-1 expression, tumor TNM stage, and distant metastasis ([Table 4](#t4-ott-9-6075){ref-type="table"}). Therefore, these prognostic factors were subjected to multivariate analysis using a Cox proportional hazard model. Multivariate analysis revealed that the expression of PD-L1 in cancer cells (hazard ratio, 0.345; 95% confidence interval, 0.194--0.614; *P*\<0.001); the expression of PD1 in TILs (hazard ratio, 0.367; 95% confidence interval, 0.206--0.652; *P*=0.001); and distant metastasis of PNETs all remained independently associated with the survival time ([Table 5](#t5-ott-9-6075){ref-type="table"}).

The Kaplan--Meier survival curves for PD-L1, PD-1, and distant metastasis positive and negative cases are shown in [Figure 2](#f2-ott-9-6075){ref-type="fig"}, which reveals that patients with negative metastasis as well as PD-L1 and PD-1 expression had better prognoses.

Discussion
==========

The rise in the incidence of PNETs and the limited available therapeutic options have created an urgent demand for new treatment strategies. Cancer immunotherapy is a promising new treatment strategy that will soon be an integral part of the comprehensive tumor therapy. Indeed, checkpoint inhibitors targeting PD-1, pembrolizumab, and nivolumab were recently approved by the US Food and Drug Administration in 2014 and 2015, respectively.[@b36-ott-9-6075] Moreover, the efficacy of several monoclonal antibodies toward PD-1 or PD-L1 was investigated in Phase I trials, and continue to be assessed in Phase II and III clinical trials.

Checkpoint inhibitors targeting PD-1 (nivolumab and pembrolizumab) and PD-L1 (MPDL3280A and BMS-936559) have achieved promising antitumor effect without serious adverse reactions.[@b37-ott-9-6075] Moreover, it has been reported that the overexpression of PD-L1 in tumors was associated with a higher response to anti-PD-L1 therapy.[@b13-ott-9-6075]

In this study, the aim was to prove the role of PD-L1 and PD-1 as predictive or prognostic biomarkers for survival in patients with PNETs. Therefore, PD-L1 or PD-1 expression were analyzed by immunohistochemistry (IHC) in 80 patients with PNETs, and investigated possible correlations between their expression and patients' clinicopathological parameters and overall survival.

First, the rate of positive PD-L1 expression in PNET tissues was proved to increase compared with the paracarcinoma tissues, and the study verified that PD-L1 was highly expressed in PNETs. PD-L1 overexpression in various tumors was associated with a higher response to anti-PD-L1 therapy.[@b13-ott-9-6075] Thus the PD-L1 molecule can act as a potential biomarker for detecting the efficacy of immunotherapy in patients with PNETs.

In contrast to the results, Schultheis et al analyzed 94 clinical cases of small cell carcinomas (61 pulmonary tumors and 33 extrapulmonary tumors) and found that no PD-L1 overexpression was observed on the neoplastic cells of small cell carcinoma cases by IHC. However, they detected PD-L1 expression in the tumor-infiltrating macrophages and revealed activated PD-1/PD-L1 pathway in a fraction of small cell carcinomas.[@b38-ott-9-6075] The contradiction can be attributed to the fact that the study used anti-PD-L1-antibodies with different immunogenic domains in both studies. Further, it was observed that PD-1 was highly expressed in TILs and the expression of PD-L1 was directly associated with PD-1 expression (*P*=0.007).

A previous study also reported that the expression of PD-L1 was inversely related to TILs, particularly CD8^+^ T cells.[@b29-ott-9-6075] Therefore, it can be speculated that the induced PD-L1 on tumor cells interacts with PD-1 on TILs and that these interactions can regulate the effector function of TILs resulting in immune invasion and tumor progression. Thus, monoclonal antibodies against PD-L1 or PD-1 molecule may ultimately benefit patients with PNETs.

The above-mentioned assumption is supported by the fact that PD-L1 was significantly related to the tumor stage (*P*=0.014) and histological type (*P*=0.014). As the American Joint Committee on Cancer tumor staging system is recognized as a pivotal prognostic factor in human tumor progression, PD-L1 expression may also be associated with tumor development. Indeed, the univariate analyses in this study revealed that the overall survival time of patients with PNETs was significantly associated with PD-L1 expression in cancer cells. Further, multivariate analysis by a Cox proportional hazards model revealed that PD-L1 expression in PNETs remained independently associated with the survival time. This undoubtedly proved that PD-L1 took part in the occurrence and progression of PNETs; therefore, PD-L1 can be used as a predictive and prognostic biomarker for patients' survival.

Interestingly, there was no significant association between PD-1 expression and the clinicopathological characteristics when the correlation between PD-1 expression and clinicopathological characteristics of patients with PNETs were explored. However, the univariate analyses exhibited a significant association between the overall survival time of patients with PNETs and PD-1 expression, which was proven to exist independently. Thus, PD-1 can also be used as a potential biomarker for survival. Moreover, these results imply that PD-1 and PD-L1 interaction can lead to tumor progression.

Owing to the benefits of immunotherapy, several potential predictive biomarkers are currently being investigated for efficacy. Among these, PD-L1 expression is one of the most promising predictors of response to immune checkpoint inhibitors. Robert et al's (2014) Phase I study demonstrated a 36% response rate to nivolumab in PD-L1 positive tumors, including advanced melanoma, non-small cell lung cancer, and renal cell carcinoma.[@b39-ott-9-6075] Further, Carbognin et al observed that the activity of nivolumab, pembrolizumab, and MPDL3280A varied according to PD-L1 expression in tumor cells.[@b40-ott-9-6075] However, the involved molecular mechanism remains poorly understood and more future studies are required to determine the relationship between PD-L1 expression and response rate.

In addition, there is also a high percentage of patients with no PD-L1 expression who respond to anti-PD-L1 immunotherapy. However, the point is that a patient with positive PD-L1 expression is more likely to be sensitive to anti-PD-L1 immunotherapy. Many other immune-related biomarkers exist. For instance, biomarkers including T-cell-specific, antigen presentation-related, and interferon gamma signaling-related genes, may allow for improved selection for patients who are likely to respond to anti-PD-1 therapy with pembrolizumab.[@b41-ott-9-6075] The combination of multiple immune-related biomarkers need to be used in taking immunotherapy into consideration.

In conclusion, this study identified correlations between PD-L1/PD-1 expression and clinicopathological variables and/or survival time. Data provided by this study sheds light on the importance of PD-L1/PD-1 pathway for tumor progression, which will help to pave the way for new immunotherapy regimens against PNETs.

This study had some limitations including small sample size and the sole dependence on immunohistochemical analysis of PD-1 and PD-L1 expression. Schultheis et al recently showed that RNA sequencing (RNA-seq) and IHC yielded highly comparable results, although RNA-seq yielded more PD-L1 positive cases than IHC.[@b38-ott-9-6075]

In future studies, the results need to be reconfirmed in a large multicenter study with RNA-seq and immunohistochemical analyses.
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![Representative immunohistochemical staining of PD-L1 and PD-1 in tissues of PNETs.\
**Notes:** (**A**) Negative immunostaining for PD-L1 in cancer cells of PNET tissue; (**B**) Light immunostaining for PD-L1 in PNET tissue; (**C**) Moderate immunostaining for PD-L1 in cancer cells of PNET tissue; (**D**) Intense immunostaining for PD-L1 in cancer cells of PNET tissue; (**E**) Negative immunostaining for PD-1 in TILs of PNET tissue; (**F**) Positive immunostaining for PD-1 in TILs of PNET tissue; (**G**) Negative immunostaining for PD-L1 in paracarcinoma tissue; (**H**) Positive immunostaining for PD-L1 in paracarcinoma tissue. Scale bars: 50 µm.\
**Abbreviations:** PD-1, programmed death 1; PD-L1, programmed death ligand-1; PNETs, pulmonary neuroendocrine tumors; TILs, tumor infiltrating lymphocytes.](ott-9-6075Fig1){#f1-ott-9-6075}

![Kaplan--Meier survival curves for 80 patients with PNETs, grouped according to PD-L1 and PD-1 expression.\
**Notes:** (**A**) PNET patients with negative expression of PD-L1 in cancer cells demonstrated a significantly better prognosis than the positive expression patients (*P*=0.003). (**B**) PNET patients with negative expression of PD-1 in TILs demonstrated a significantly better prognosis than the positive ones (*P*=0.001). (**C**) Negative distant metastasis in PNET patients demonstrated a significantly better prognosis than the positive ones (*P*\<0.001).\
**Abbreviations:** PD-1, programmed death 1; PD-L1, programmed death ligand-1; PNETs, pulmonary neuroendocrine tumors; TILs, tumor infiltrating lymphocytes.](ott-9-6075Fig2){#f2-ott-9-6075}

###### 

Baseline characteristics in 80 patients with PNETs

  Variables                  n    \%
  -------------------------- ---- ------
  **Gender**                      
  Male                       61   76.3
  Female                     19   23.7
  **Age (years)**                 
  ≤60                        46   57.5
  \>60                       34   42.5
  **Tumor types**                 
  Carcinoids                 22   27.5
  SCLCs                      48   60.0
  LCNECs                     10   12.5
  **WHO classification**          
  G1/G2                      22   27.5
  G3                         58   72.5
  **AJCC stage**                  
  I/II                       27   33.8
  III/IV                     53   66.2
  **Lymphatic metastasis**        
  Yes                        46   57.5
  No                         34   42.5
  **Distant metastasis**          
  Yes                        33   41.3
  No                         47   58.7
  **Surgery**                     
  Yes                        26   32.5
  No                         54   67.5
  **Chemotherapy**                
  Yes                        26   32.5
  No                         54   67.5
  **Radiotherapy**                
  Yes                        5    6.3
  No                         75   93.7
  **Smoking status**              
  Yes                        50   62.5
  No                         30   37.5

**Abbreviations:** AJCC, American Joint Committee on Cancer; LCNEC, large cell neuroendocrine carcinoma; PNETs, pulmonary neuroendocrine tumors; SCLC, small cell lung cancer; WHO, World Health Organization.

###### 

Correlation between PD-L1 expression and PD-1 expression in PNET tissues

  PD-1 expression   No   PD-L1 expression                        
  ----------------- ---- ------------------ ---- ------- ------- -------
  −                 39   22                 17   7.217   0.007   0.300
  \+                41   11                 30   NA      NA      NA
  **Total**         80   33                 47   NA      NA      NA

**Abbreviations:** NA, not applicable; PNET, pulmonary neuroendocrine tumor; PD-1, programmed death 1; PD-L1, programmed death ligand-1.

###### 

Association between PD-L1 or PD-1 expression and the clinicopathological characteristics of patients with PNETs

  Variables                  PD-L1 expression   PD-1 expression                                               
  -------------------------- ------------------ ------------------------------------------------- ----------- -------
  **Gender**                                                                                                  
  Male                       35 (57.4)          0.655                                             31 (50.8)   0.890
  Female                     12 (63.2)                                                            10 (52.6)   
  **Age (years)**                                                                                             
  ≤60                        29 (63.0)          0.364                                             27 (58.7)   0.121
  \>60                       18 (52.9)                                                            14 (41.2)   
  **Histological type**                                                                                       
  Carcinoids                 13 (59.1)          0.014[a](#tfn3-ott-9-6075){ref-type="table-fn"}   13 (59.1)   0.335
  SCLCs                      24 (50.0)                                                            24 (54.5)   
  LCNECs                     10 (100.0)                                                           8 (80.0)    
  **WHO classification**                                                                                      
  G1/G2                      13 (59.1)          0.970                                             13 (59.1)   0.388
  G3                         34 (58.6)                                                            28 (48.3)   
  **AJCC stage**                                                                                              
  I/II                       24 (77.8)          0.014[a](#tfn3-ott-9-6075){ref-type="table-fn"}   15 (55.6)   0.582
  III/IV                     26 (49.1)                                                            26 (49.1)   
  **Lymphatic metastasis**                                                                                    
  Yes                        25 (54.3)          0.352                                             23 (50.0)   0.795
  No                         22 (64.7)                                                            18 (52.9)   
  **Distant metastasis**                                                                                      
  Yes                        18 (54.5)          0.522                                             17 (51.5)   0.968
  No                         29 (61.7)                                                            24 (51.1)   
  **Smoking status**                                                                                          
  Yes                        32 (64)            0.218                                             25 (50)     0.773
  No                         15 (50)                                                              16 (53.3)   

**Note:**

Continuity correction *P*-value (two-sided).

**Abbreviations:** AJCC, American Joint Committee on Cancer; LCNEC, large cell neuroendocrine carcinoma; PD-1, programmed death 1; PD-L1, programmed death ligand-1; PNETs, pulmonary neuroendocrine tumors; SCLC, small cell lung cancer; WHO, World Health Organization.

###### 

Univariate analysis for the prognosis of patients (n=80) with PNETs

  Variables                      mOS (months)   HR (95% CI)            *P*-value
  ------------------------------ -------------- ---------------------- -----------
  **Gender**                                                           
  Male vs female                 16.8 vs 12.0   1.076 (0.614--1.885)   0.797
  **Age at diagnosis (years)**                                         
  ≤60 vs \>60                    16.5 vs 12.6   1.060 (0.647--1.736)   0.817
  **Histological grade**                                               
  1/2 vs 3                       14.8 vs 16.8   0.785 (0.444--1.386)   0.400
  **AJCC stage**                                                       
  I/II vs III/IV                 17.8 vs 14.7   0.578 (0.337--0.993)   0.044
  **Lymphatic metastasis**                                             
  Yes vs no                      12.0 vs 24.6   0.661 (0.400--1.093)   0.103
  **Distant metastasis**                                               
  Yes vs no                      6.8 vs 23.9    0.373 (0.224--0.621)   0.000
  **PD-L1 in cancer cells**                                            
  Positive vs negative           8.9 vs 25.6    0.460 (0.274--0.773)   0.003
  **PD-1 in TILs**                                                     
  Positive vs negative           8.9 vs 26.8    0.399 (0.233--0.682)   0.001

**Abbreviations:** AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio; mOS, median overall survival; PD-1, programmed death 1; PD-L1, programmed death ligand-1; PNETs, pulmonary neuroendocrine tumors; TILs, tumor infiltrating lymphocytes.

###### 

Multivariate analysis to identify factors independently associated with PNET prognosis (n=80)

  Variables                   HR (95% CI)            *P*-value
  --------------------------- ---------------------- -----------
  **AJCC stage**                                     
  I/II vs III/IV              0.575 (0.275--1.202)   0.141
  **Distant metastasis**                             
  Yes vs no                   0.442 (0.230--0.852)   0.015
  **PD-L1 in cancer cells**                          
  Positive vs negative        0.345 (0.194--0.614)   0.000
  **PD-1 in TILs**                                   
  Positive vs negative        0.367 (0.206--0.652)   0.001

**Abbreviations:** AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio; PD-1, programmed death 1; PD-L1, programmed death ligand-1; PNET, pulmonary neuroendocrine tumor; TILs, tumor-infiltrating lymphocytes.
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